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METHOD AND DEVICE FOR PREDICTING A FAILURE FREQUENCY 

[0001] The invention relates to a device and a method for predicting the mean time period 
between two failures of a technical system, for example a manufacturing system or an assembly 
system for motor vehicle parts. 

[0002] A manufacturing system for motor vehicle parts, for example for cylinder heads, is 
designed for a planned period of use of several years. Unplanned failures during the period of 
use give rise to considerable costs which under certain circumstances significantly exceed the 
costs of procuring the manufacturing system. For this reason, methods for being able to predict 
the frequency of unplanned failures, the down times and the costs resulting from the failures at 
an early time, for example when a manufacturing system is procured, are desired. 

[0003] In VDI guideline VDI 2885, standard data for maintenance planning is defined and a 
procedure for determining maintenance costs is disclosed. 

[0004] DE 19848094 Al describes a method for predicting the effects of planned and random 
events on the availability of a technical system. A model of the technical system is required 
which reflects the interaction of components of the technical system. In particular, the model 
describes how the failure of one component affects the entire technical system. The time profile 
of the system availability is predicted using Monte-Carol simulations as a function of a 
maintenance strategy for the technical system. 

[0005] Setting up such an availability model requires a large amount of expenditure and often 
cannot be carried out within an acceptable time for complex technical systems, for example 
manufacturing systems. To carry out the Monte-Carlo simulations it is necessary for statistical 
models for the unpredicted events and failure probabilities of all the components to be known as 
well as for a maintenance strategy to be predefined. These requirements are in fact often not met 
before, or at the start of, the use of manufacturing system. 
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[0006] EP 1160712 A2 discloses a device and a method for predicting the times of failures 
("timing of a future service event") of a technical system. Maintenance-related information, for 
example decomposition of the system and its components, failures and their repairs in the past as 
well as factors for the maintenance are required. The maintenance-related information is 
analyzed statistically in order to determine the components of reliability values, for example the 
times between failures. Furthermore, data relating to the performance of the system is acquired 
and performance losses during ongoing operation are determined using the information about 
failures and about the performance. Future failures are predicted by means of a simulation. 

[0007] EP 1146468 A2 discloses a device and a method for predicting the times and costs of 
failures ("service event") during the period of use of a technical system. The maintenance-related 
information which is known from EP 1160712 A2 is also required for this approach. Said 
information is analyzed statistically. 

[0008] The approaches described in EP 1160712 A2 and EP 1146468 A2 require a simulation 
model for the times of future failures to be able to be predicted. Such a simulation model can 
often not be generated at all or not be generated with acceptable expenditure, in particular if the 
technical system is a complex dynamic one. Furthermore, the required characteristic values 
relating to the performance of the system are only available during ongoing operation if the 
components interact, but not before activation takes place. 

[0009] DE 19751273 Al describes a method for generating and handling a technical database 
which is available during the period of use of a technical system. Data relating to all the 
components of the technical system is collected in a uniform database at the earliest possible 
time, stored and updated. The database is managed using a uniform user interface. The database 
can be used, for example, for troubleshooting on the technical system as well as for training 
maintenance technicians. 

[0010] DE 19751273 Al describes the use of data relating to failures in the technical system for 
troubleshooting, but not the prediction of failure frequencies or down times. In the case of a 
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complex technical system, the database can also become extensive and require a large amount of 
data which is not yet available at an early time of the period of use of the system. 

[0011] WO 00/72212 A2 discloses a method and a device for determining the overall costs 
("total cost of ownership") of a complex system. The technical system is, for example, a 
production line. Information which relates to at least one aspect of the system, for example the 
function required by the system, is procured from an information system for various disciplines. 
Furthermore, information relating to the use of the system, for example the production planning 
with a production line as the technical system, is procured from the information system. The 
overall costs are determined from these two information items. 

[0012] WO 01/26005 Al discloses a method for analyzing the costs during the acquisition and 
operation of an IT system. The costs for acquisition and installation, for ongoing operating costs, 
for example for monitoring and fault recovery, and indirect costs, are differentiated. Depending 
on the characteristics of the IT system, on user profiles and on the operational organization, 
formal estimation methods ("appraisal metrics") are applied, for example formulas which supply 
costs as a function of statistical characteristic values of an IT system and of the operator 
company. The results are compared with established reference values ("benchmarks"). 

[0013] These methods require data which is not available with sufficient data quality before the 
system is procured. Furthermore, it is already impossible to carry out the methods for complex 
systems because they give rise to unwieldy models which are difficult to comprehend and verify. 

[0014] US 2001/0023376 Al discloses an information system for parts. A user enters a 
specification for parts into the information system. Types of parts which fulfill this specification 
are determined. For this purpose, the information system accesses various management systems, 
for example one for parts numbers, one for quality assurance, one for the management of stocks, 
one for the control of sales and marketing, one for the recording and monitoring of costs, one for 
production planning and one for sales control. The parts which are determined are displayed in a 
certain sequence which depends on the frequency of use and the degree of standardization of the 
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respective part. 

[0015] US 2001/0023376 Al does not describe how the information about the parts which are 
determined or the sequence in which the parts are displayed is used to predict failure frequencies 
or down times. 

[0016] The invention is based on the object of providing a method and a device for predicting 
the mean time period between two failures of a technical system at low cost without a 
complicated model or measurement data from the ongoing operation of the technical system 
being required for this. 

[0017] The object is achieved by means of a device as claimed in claim 1 and a method as 
claimed in claim 8. Advantageous refinements are defined by means of the subclaims. 

[0018] The device comprises a components list. Those components of the technical system 
which are included in this list are the maintenance-intensive components. Every failure of a 
component on the list leads to a failure of the system. The components included on the list are, as 
it were, connected in series. 

[0019] Furthermore, the device comprises an apparatus for acquiring setpoint MTBF values for 
the components of the components list. A setpoint MTBF value is acquired for each component 
of the components list. MTBF stands for "mean time between failures". An MTBF value of a 
component is the mean time period between two failures of the component. The setpoint MTBF 
value is accordingly the required or planned mean time period between two failures of the 
component. 

[0020] The data acquisition device comprises, for example, an input field in a form which is 
shown on the screen, an editor for generating a file in the "extensible Markup Language" (XML) 
data format or an apparatus for inputting ("scanning") a paper form. In this case, the setpoint 
MTBF value is predefined. Alternatively the data input device comprises a device which 



PCT/EP2004/0070359 WO2005/006097 



determines the logged operating data for the component in already existing technical systems, 
calculates an actual MTBF value from said data using statistical methods, for example mean 
value formation, and derives the setpoint MTBF value for the component from the actual MTBF 
value. 



[0021] Furthermore, the device comprises an apparatus for summing all the reciprocal values of 
the setpoint MTBF values which are acquired for the components of the components list. This 
apparatus therefore calculates the sum of the reciprocal values of the setpoint MTBF values of all 
the maintenance-intensive components. 



[0022] The device calculates the reciprocal value of the sum of the reciprocal values. This 
reciprocal value is the predicted MTBF value of the technical system and functions as the mean 
time period MTBFSys to be predicted between two failures of the technical system. The device 
therefore determines a value for MTBF_Sys according to the computational rule 



MTBF_Sys = — 

t 



frtMTBF_i 



[0023] Here, MTBF_i is the acquired setpoint MTBF value of the component No. i of the 
components list. 

[0024] It is also possible, however, to multiply the reciprocal value of the sum of the reciprocal 
values by a factor of less than 1 . This factor takes into account in a general way failures of the 
technical system on the basis of failures of components which are not listed on the components 
list and for which no setpoint MTBF values are acquired. For example, MTBF Sys is determined 
according to the computational rule 
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[0025] The factor p is determined from operational logs and indicates what proportion of all the 
failures of the technical system is due to a failure of a component of the components list. 

[0026] The invention provides a device and a method which can also be handled for complex 
systems, for example manufacturing systems. This is because as a rule only a relatively small 
number of the components are maintenance-intensive. These components are contained on the 
electronic components list. Concentrating on this generally small number of maintenance- 
intensive components provides a good prediction at significantly lower cost for the generation of 
the prediction. 

[0027] The expenditure on generating the prediction is reduced, on the one hand, by virtue of the 
fact that data is acquired only for a relatively small number of components, specifically for the 
components which are essential to the down times. On the other hand, only one value to be 
acquired is required per component, specifically the setpoint MTBF value of the component. 
This value has an illustrative significance, specifically a required or planned mean time period 
between two failures of the component. The use of the setpoint MTBF value does not require any 
statistical assumption about, for example, a certain probability distribution of failures. 

[0028] The required data can already be obtained and acquired before the technical system is 
constructed. For example, the behavior of the corresponding components in already existing 
systems is monitored and evaluated. This permits a prediction which is already available at an 
early time in the lifetime of the technical system, for example after the completion of the design 
and before its manufacture. 



[0029] A complicated model of the interaction between the components of the technical system 
is not necessary. Instead, each component of the components list is a component whose failure 
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causes the technical system to fail. The components of the list are, as it were, connected in series. 
Because there is no need for a complicated model, for example, of the interaction between the 
components or of the reliability behavior of the system, the invention saves time and costs for the 
setting up and validation of such a model and avoids incorrect predictions which may result from 
a faulty model. 

[0030] The mean technical availability of the system can be derived from the predicted MTBF 
value of the system. 

[0031] The device according to the invention can be used for any technical system which is built 
up from components, for example for 

manufacturing systems for parts of vehicles 

conveyor and processing systems for mining, 

energy generation systems, for example power stations, 

systems for manufacturing or processing basic materials in the chemical industry, for 
example refineries or systems for manufacturing surface coatings or plastics, 
vehicles, for example cars, rail vehicles, aircraft, ships, spacecraft, 
telecommunications and data processing systems, 
printing machines, 

systems for manufacturing paper, cardboard, packaging, 
system for manufacturing foodstuffs and other consumables, 
system for manufacturing medicines, 

logistic systems, for example letter distributor systems or container lifting gantries in 

ports or railway stations, 

washing machines or other domestic appliances, 

electronic entertainment devices, for example music playback devices. 

[0032] In addition to the MTBF value of the technical system, the mean time period for fault 
recovery after a failure of the technical system is preferably predicted (claim 2, claim 9). In the 
embodiment according to claim 2, the device additionally comprises an apparatus for acquiring 
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setpoint MTTR values for the components of the components list. In addition, a setpoint MTTR 
value is acquired for each component of the components list. MTTR stands for "mean time to 
repair" or else "meant time to restoration". The MTTR value of a component is the mean time 
period for fault recovery on the technical system after a failure of the component. The setpoint 
MTTR value is therefore the required or planned mean time period for fault recovery on the 
technical system after the failure of the component. Various components may have different 
MTTR values and also different setpoint MTTR values. 

[0033] The device predicts the mean time period for fault recovery after failure of the technical 
system as a weighted mean of the setpoint MTTR values of the components of the components 
list. The predicted mean time period MTTR_Sys for fault recovery on the technical system is 
therefore determined according to the computational rule 



n 

MTTRJSys = £ a J * MTTR j 

* 



[0034] Here, MTTR_i designates the acquired setpoint MTTR value of the component No. i and 
a__i designates the weighting factor for the component No. i. The reciprocal values of the 
setpoint MTBF values of the components are used as weighting factors. The computational rule 



1 1 

a i « - — - 



A _J MTBFJ 

|f MTBF J 

is therefore used for i = 1 , . . n. 



[0035] Overall, the MTTR value of the system is predicted according to the computational rule 
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[0036] In one development of this embodiment (claim 3), the device calculates the setpoint 
MTTR value of each component of the components list by adding the following two acquired 
values, specifically 

the setpoint MRT value of the component 

and the setpoint MTD value of the component. 

[0037] MRT stands for "mean repair time". The MTD value of a component is the mean repair 
time up to the elimination of a failure in this component. MTD stands for "mean technical 
delay". The MTD value of a component is the mean time up to the restoration of the technical 
system after the elimination of a failure of this component. 



[0038] The acquisition of the setpoint MTTR value of a component is reduced by this 
embodiment to the acquisition of two essential factors, and is thus configured in a particularly 
simple way. 

[0039] The electronic components list with the maintenance-intensive components is preferably 
acquired from an electronic parts list (claim 4). This parts list describes complete decomposition 
of the technical system into its components. The parts list therefore comprises not only the 
maintenance-intensive components but also all the other ones. The device also comprises an 
apparatus for characterizing a component as maintenance-intensive, for example for marking 
specific components of the parts list. The components list is automatically acquired from the 
parts list, with all the parts of the parts list which are characterized as maintenance-intensive 
being determined and compiled to form the components list. 
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[0040] It is possible for a user to characterize certain components of the parts list as 
maintenance-intensive. It is also possible that by evaluating operational logs which have been 
acquired by monitoring technical systems already in use it is determined which components 
already fail particularly frequently and/or cause particularly long down times and/or give rise to 
particularly high costs for fault recovery. For example, by evaluating the logs, an evaluation of 
the components of the parts lists is acquired, the higher the frequency of failure and the down 
time or failure recovery costs or a combination of these values, the higher the evaluation given to 
the component. Those components whose evaluation exceeds a predefined limit are characterized 
as maintenance-intensive. Alternatively, the N components with the highest evaluation are 
characterized, with N being a predefined number. 

[0041] According to claim 7, the electronics parts list is valid for a category of technical systems 
which carry out the same functions. From this parts list with the device according to claim 5 it is 
possible to generate a components list which is valid for this category of technical systems. 
However, it is also possible to generate different components lists for various technical systems 
of the category from the same parts list and to use the device as claimed in claim 5 repeatedly for 
this purpose. A components list which functions as a components list for each system of the 
category, unless a different components list has been generated for a system, is preferably 
generated once in advance with the device as claimed in claim 5. 

[0042] A category of technical systems can be defined for the case in which the technical 
systems are manufacturing systems by means of the categorization of manufacturing methods 
according to DIN 8580. For example, a category includes all manufacturing systems which carry 
out a manufacturing method which is defined in a main group DIN 8580. It is also possible to 
divide a main group of DIN 8580 into a plurality of categories. DIN 8580 ("categorization of 
manufacturing methods") is presented, for example, in "Dubbel - Taschenbuch fur den 
Maschinenbau" [machine engineering handbook]", 20th edition, Springer- Verlag, 2001, 
chapter S. One category is, for example, that of metal-removing systems for motor vehicle parts, 
another is that of joining systems for manufacturing motor vehicle assemblies. 
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[0043] The invention can be applied particularly advantageously to a plurality of technical 
systems of a category (claim 5, claim 11), for example for various manufacturing systems for 
manufacturing cylinder heads for motor vehicles. The technical systems of the category fulfill 
the same function, for example the manufacturing of the cylinder heads to a required number per 
month with a required level of quality from predefined raw parts. The invention provides a 
convenient method for comparing various technical systems of the category with one another 
without these systems already having to be in use. According to the invention, the respective 
failure frequencies and down times are predicted for each of this plurality of systems. A 
comparison of the predicted values is generated. The comparison makes it possible to compare 
the systems and to derive technical improvement possibilities from the comparison. Furthermore 
it becomes possible to compare competing offers for in each case one technical system of the 
category if these offers comprise failure frequencies and down times. 

[0044] An exemplary embodiment of the invention will be described in more detail below with 
reference to the appended drawings, in which: 

[0045] Fig. 1 shows an architecture of an embodiment of the device according to the invention; 

[0046] Fig. 2 shows an architecture of a further embodiment of the device according to the 
invention; 

[0047] Fig. 3 shows the division of the operating time of a system; 

[0048] Fig. 4 shows a profile of the failure rate ^(t) as a function of the elapsed time; and 

[0049] Fig. 5 shows a comparison of the setpoint MTBF value and actual MTBF value of a 
group of parts. 

[0050] The exemplary embodiment relates to manufacturing systems and assembly systems for 
motor vehicle parts, for example cylinder heads. The manufacturing systems and the assembly 
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systems function as the technical systems in this example. A motor vehicle manufacturer or 
motor vehicle engine manufacturer uses various manufacturing and assembly systems of this 
kind and thus operates as a system operator. Such systems are frequently acquired for a planned 
service life of at least ten years. Because of technical innovations and changing requirements of 
the fabricated parts, the systems used at any one time differ from one another. 

[0051] The category of systems for manufacturing motor vehicle cylinder heads functions in this 
example as a category of technical systems which carry out the same functions. The category of 
systems for assembling motor vehicle parts functions as a further category of technical systems. 

[0052] In this exemplary embodiment, the motor vehicle manufacturer intends to procure a new 
system for manufacturing motor vehicle cylinder heads. To do this, the motor vehicle 
manufacturer specifies the system in functional terms, obtains competing offers from system 
manufacturers and employs the device according to the invention to compare the offers. A parts 
list 120.1 which is valid for the category describes a complete decomposition of a manufacturing 
system into components. In this parts list 120.1, specific components are characterized as 
maintenance-intensive. The listing of the characterized components is provided by the 
components list. 

[0053] Each of the offers for a system comprises the following values: 

the information as to how often each component which is maintenance-intensive and 

therefore listed in the components list occurs in a system, 

the setpoint MTBF value of each maintenance-intensive component, 

the setpoint MTTR value of each maintenance-intensive component, 

the planned service life and the re-acquisition value of each maintenance-intensive 

component, 

the time taken for the planned maintenance of each maintenance-intensive component 
and the costs of the materials required for it. 



[0054] From this information, the device according to the invention determines 
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a prediction of the MTBF value and one for the MTTR value of the system specified in 
the offer, 

the costs for the exchange of maintenance-intensive components which fail and have to 
be replaced during the service life of the system, 

the time required and the costs for the planned maintenance of the system. 

[0055] The device generates a comparison of all the systems specified in the offers. This 
comparison comprises the predicted MTBF value and the predicted MTTR value of each system, 
the costs for re-acquisition of failed, maintenance-intensive components of each system and the 
time required and the costs for the planned maintenance of each system. The comparison 
therefore comprises reliability values and cost values as well as time requirement values. It is a 
resource for comparing in advance the systems and thus the offers in terms of their behavior 
during ongoing operation. 

[0056] The motor vehicle manufacturer selects a system and thus an offer. He concludes a 
contract with the supplier of the system, in which contract the setpoint MTBF value and the 
setpoint MTTR value of each maintenance-intensive components of the system, the costs for 
replacing maintenance-intensive components of each system and the time required and the costs 
for the planned maintenance of the system are agreed. The agreed values are monitoring during 
the ongoing operation of the system. If the actual values differ considerably from the setpoint 
values which have been agreed contractually, suitable technical measures are taken, for example 
structural improvements or changed conditions of use of the system. 

[0057] Fig. 1 shows an exemplary architecture of the device according to the invention. In this 
example, the device according to the invention is implemented using a workstation computer. 
The "actual data processing device" 305 is connected to a screen 303 and a keyboard 310. In this 
embodiment the device comprises the following components: 

an electronic components list 130.1 in the form of a data memory with a data object for 

each maintenance-intensive component, 

a device for acquiring the setpoint MTBF values of the components 
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and a device for calculating the mean time period between two failures of a system and 
for calculating the mean time period for fault recovery after a failure of this system. 

[0058] The acquisition device comprises a keyboard 310 and an electronic form 304 which is 
displayed on the screen 303. The form comprises, per component of the components list, two 
input fields into which an operator types the setpoint MTBF value and the setpoint MTTR value 
of the respective component or inputs it using a voice processing program. In the example in 
fig. 1, three setpoint MTBF input fields 300.1, 300.3, 300.3 and three setpoint MTTR input fields 
301.1, 301.3, 301.3 are shown for three components B_l, B_2, BJ. On the right, the name of 
the respective component is entered next to each input field. The form 304 is generated 
automatically as a function of the components which are taken into account in the components 
list 130.1. If the components list 130.1 has a component added to it or if a component is 
removed, the form is therefore automatically adapted to the change. Furthermore, the data 
acquisition device comprises means for reading out the input setpoint MTBF values and setpoint 
MTTR values from the respective input fields and means for checking the plausibility of the 
input values. 

[0059] The reading-out means transfer the setpoint MTBF values and setpoint MTTR values to a 
calculation device 302. The calculation device 302 calculates the mean time period to be 
predicted between two failures of the system and the predicted mean time period for fault 
recovery after a failure from the setpoint MTBF values and setpoint MTTR values. In this 
context, the calculation device 302 applies the computational rules specified above. 

[0060] The calculation device 302 calculates the two values to be predicted for each system 
offered and generates a comparison, for example in the form of a table with one line per system 
and one column per value to be predicted. The device preferably generates a graphic 
representation of this table. 



[0061] In a further embodiment, the device according to the invention is implemented using a 
network central computer 10 ("server") and a plurality of network subscriber computers 20.1, 
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20. 1, ... ("clients"). The network subscriber computers are connected to the network central 
computer 10 by the Internet or an Intranet. The architecture of the device comprises the 
following three layers: 

the data storage layer for storing data, 

the application layer for carrying out the evaluations and generating the comparisons, and 
the representation layer for representing the generated comparisons. 

[0062] Fig. 2 shows the architecture of this embodiment of the device according to the invention. 
In this example, the network central computer 10 is connected to three network subscriber 
computers 20.1, 20.2, 20.3. The arrows in fig. 2 stand for data flows. 

[0063] The following databases and software programs are installed on the network central 
computer 10: 

per category, one electronic system list 1 1 0 which lists all the systems of the category 
taken into account, and the systems may originate from different system manufacturers, 
per category, one electronic parts list 120 which is valid for all the technical systems of a 
category and describes a decomposition of a system of the category into its components, 
per category, an electronic components list 130 which comprises the maintenance- 
intensive components of the technical system, 

an Internet response program 1 80 ("web server") which receives requests and enquiries 
which are received from a network subscriber computer 20.1, 20.2, ... using, for example, 
the protocol HTTP, and passes on the responses and reactions generated by the network 
central computer 10 to the enquiring network subscriber computer 20.1 or 20.2 or 20.3, 
interlinking software 170 ("middleware") for interlinking the databases and electronic 
lists to the Internet response program 1 80. 

[0064] In this example, a parts list 120.1 for the category of the manufacturing systems and a 
further parts list 120.2 for assembly systems is stored on the network central computer 10. A 
system list 110.1 is correspondingly stored for manufacturing systems, and a further system list 
110.2 for assembly systems, and a components list 130.1 for manufacturing systems, and a 
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[0065] An Internet response program 1 80 is understood to be a program on the network central 
computer 10 which transfers Internet pages to enquiring network subscriber computers 20.1, 
20.2, .... The enquiring network subscriber^computer has beforehand transferred the request to 
the Internet response program 180 by means of an Internet address which is specific to the 
Internet response program 180, by, for example, selecting specific alternatives on an Internet 
page represented by the Internet access program 190. The address has the form of a "uniform 
resource identifier" (URI). http://www.w3.org/Addressing/ describes how a URI is structured, 
said page having been searched on 8.1.2003. The Internet page is either static or dynamic. A 
dynamic Internet page is generated by the Internet response program 180. To do this, the Internet 
response program 180 transmit requests to one of the databases and uses the responses to 
generate the Internet page. 

[0066] The interlinking software 170 makes it possible to replace one database system with 
another without having to change the rest of the device. 

[0067] All the network subscriber computers 20.1, 20.2, ... are connected to the network central 
computer 10 via the Internet or an Intranet. The following software programs are installed on the 
network subscriber computer 20.1 which is set up at the premises of the motor vehicle 
manufacturer, and thus of the system operator: 

an Internet access program 190.1 ("web browser") which is capable of transmitting 
requests to the network central computer 10 and is capable of representing an Internet 
page which is to be transferred by the network central computer 1 0, 
a table calculation program 191.1 which generates comparisons of failure frequencies and 
times in a table and graphic form, and 

an interface program 192.1 which functions as an information transfer interface between 
the programs and databases on the network central computer 1 0 and the table calculation 
program 191.1 on this network subscriber computer 20. 1 . 
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[0068] The following software programs are installed on the two network subscriber computers 
20.2 and 20.3 which are set up at two manufacturers of systems of the category: 

an Internet access program 190.2 or 190.3 ("web browser") which is capable of 
transmitting requests to the network central computer 1 0 and of representing an Internet 
page transferred from the network central computer 10. 

[0069] The components lists and the parts lists are stored, for example, a hierarchical, relational, 
object-oriented or object-relational database, a set of XML files, a file management system with 
files or an unstructured data store connected to a semantic network and a search machine. The 
data which is stored in the database may be stored, for example, on a permanent memory of a 
data processing device or a portable data memory medium, for example a CD-ROM. 

[0070] The device according to the invention comprises a tree-like electronic parts list 120 for 
each category. The root of the parts list represents the entire system and the further nodes 
represent the components. One node for one component A is the successor of a node for a 
component B if A is part of B. In the parts list, each component of the system is represented by a 
node, even the non-maintenance-intensive components. 

[0071] As described above, two categories are differentiated in this exemplary embodiment. For 
this reason, the device comprises two electronic parts lists 120.1, 120.2. The parts list 120.1 
describes a decomposition of a system for manufacturing motor vehicle cylinder heads into its 
components and is valid for each system in this category. The imaginary decomposition of a 
system is preferably a functional decomposition, that is to say decomposition into functional 
components. A functional component may be implemented in various systems of the category by 
different physical components. 

[0072] The parts list 120.1 which is valid for the category of the systems for manufacturing 
cylinder heads is divided into the following four detailing planes, specifically: 

production system (entire system) 

subsystems 
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functional groups 
groups of parts. 

[0073] The entire fabrication system is composed of subsystems. One subsystem is composed of 
functional groups. A functional group is composed of groups of parts. 

[0074] The subsystems of a manufacturing system include: 
conveyor equipment, 
cylinder head processing, 
installation equipment and peripherals, 
computational equipment. 

[0075] The functional groups of the subsystem "cylinder head processing" include the functional 
groups: 

linear axis/rotational axis, 

working spindle, 

hydrostatics, 

tool changing system, 

working space, 

lubrication system, 

measuring equipment/measuring control, 
clamping of workpieces, 
pallet changer. 

[0076] The groups of components of the functional group "working spindle" include the groups 
of components: 

drive, 

bearings, 

clamping element/clamping device, 
cooling system, 
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rotary leadthrough, 

lubrication system, 

sensor system, 

tool clamping system, 

tool fracture monitoring system, 

balancing system, 

measuring system, 

additional functions. 

[0077] The groups of parts of the function group "measuring equipment/measuring control" 
include the groups of parts: 

measured value pickup, 

drive, 

guide, 

bearing system, 
calibration device, 
moving peripherals, 
additional functions. 

[0078] The parts list 120.2 which is valid for the further category comprises the four detailing 
levels listed above. One assembly system comprises the subsystems: 

actual assembly 

conveyor equipment 

computing connection 

installation equipment and peripherals 

screw equipment 

robot equipment 

stored-program controller. 

[0079] The subsystem "actual assembly" is composed of the function groups: 
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linear axis, 
feed equipment, 

lifting out device with/without indexing, 

protective devices, 

pressing-in equipment, 

grippers, 

oil feed system, 

labeling, 

displacer device, 

turning station, 

lifting station, 

tilting station, 

rotation station. 

[0080] NB: the function group "labeling" labels the mounted motor vehicle parts. Labeling of 
the assembly system itself is therefore not meant. 

[0081] The function group "linear axis" comprises the groups of parts: 
moving peripherals, 
guidance, 

additional functions, 
drive, 

ball screw element. 

[0082] Groups of parts with the same name may occur in different functional groups, for 
example both the functional group "working spindle" and the functional group "measuring 
equipment/measuring control" each include a group of parts "drive". The subdivision to the level 
of the groups of parts leads to a uniquely defined definition which is valid for all the systems of 
the category and which defines how the function groups and subsystems are delimited. 



20- 



PCT/EP2004/0070359 



WO2005/006097 



[0083] Because the imaginary decomposition of the system which gives rise to the parts list 

120.1 is functional and generic different technical implementations are possible for one 
functional component. For example, the group of part/measured value pickup can be 
implemented by at least one touch probe, at least one measuring mandrel or at least some other 
measured value pickup. As a result, the parts list 120.1 does not need to be adapted to every 
technological innovation but rather only to functional changes. The same applies to the other 
parts list 120.2. 

[0084] If a system has a plurality of components of identical design, this component is listed 
only once in the parts list. If, for example, a system for manufacturing cylinder heads always has 
five linear axes or else between three and six linear axes, only one linear axis is specified on the 
parts list 120.1 for this category. The parts list is thus valid for every system of the category, 
irrespective of the number of linear axes which are respectively present. 

[0085] The network subscriber computer 20.1 at the system operator permits a user whose has 
the corresponding authorizations to access the parts lists 120.1, 120.2 and to cause them to be 
displayed using the Internet access program 190.1. The user also has the possibility of changing 
and extending the parts lists 120.1 and 120.2 using the Internet access program 190.1, for 
example by adding, by copying or by deleting components of a system or by "repositioning" 
components in the respective parts list. Repositioning moves a component to another location in 
the tree-like decomposition. 

[0086] Furthermore, the Internet access program 190.1 permits a user to characterize specific 
components of a system which are to be taken into account in the parts list 120.1 or parts list 

120.2 as maintenance-intensive. To do this, the user selects specific components of the parts list 
and characterizes them as maintenanceintensive. Any component characterized as maintenance- 
intensive brings about a failure of the entire system. 

[0087] By pressing a button it is automatically determined which components of the parts list are 
characterized in this way. These components are placed in a components list. 
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[0088] The following function groups in the parts list 120.2 for assembly systems are 
characterized, for example, as maintenance-intensive: 

linear axis (pneumatic cylinder), 

linear axis (NC drive), 

labeling, 

transport elements, 
rotation station, 
workpiece carrier. 

[0089] In this example, a linear axis can be implemented in two different ways, specifically with 
a pneumatic cylinder or with NC drive. A system may have one or more linear axes with a 
pneumatic cylinder or one or more linear axes with NC drive. 

[0090] Furthermore, in each function group which is characterized as maintenance-intensive, 
individual groups of parts of this function group are preferably characterized as maintenance- 
intensive. In the components list identifiers of the maintenance-intensive function groups and the 
maintenance-intensive groups of parts as well as definitions of which of these groups of parts are 
associated with which of these function groups are stored. 

[0091] It is possible to characterize different components as maintenance-intensive in the same 
parts list for different systems for a category. For example, for one system the linear axis (NC 
drive) is maintenance-intensive and for another a bed track guide is maintenance-intensive. As a 
result different components lists 130 are produced for different systems of the same category. 

[0092] The device according to the invention predicts the mean time period between two failures 
of a technical system. A number of terms which are associated with failure will be defined 
below. 

[0093] In accordance with DIN 3 1 05 1 , a failure, also referred to a fault, is understood to be an 
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event at which at least one component of a technical system is not ready to produce parts 
according to specified conditions as planned, or is not capable of performing operations planned 
in accordance with the specification. Every failure causes unplanned stoppage of the system and 
requires intervention. Non-machine-specific failures, for example operator failures, are excepted 
from this. 

[0094] The entire occupation time (T_b) of a technical system, for example of a manufacturing 
system, is divided, by analogy with the VDI guideline 3423, into the following times: 

use time (T_n) = net production time as the sum of those time periods in which the 

system fulfills its planned function without restriction and produces the required number 

of fault-free motor vehicle parts at full capacity, 

planned idle time (T_s), 

technical down time (T_t). 

[0095] The planned idle time is composed of: 
maintenance time (T_w), 
organizational down time (T_o). 

[0096] Fig. 3 illustrates the division of the occupation time of a system. 

[0097] The maintenance time is provided for carrying out operations which are carried out in 
accordance with a maintenance plan and generally independently of failures of the system. These 
include the planned maintenance and servicing of the system (for example lubrication, cleaning). 
The organizational down time results from the processing of production processes or from 
organizational deficiencies. The organizational down time includes, for example, times which are 
caused by tool changes, meetings, breaks, times for safety training or the absence of workpieces 
or energy. "Maintenance time" is understood to be the time according to a maintenance plan for 
planned maintenance and servicing to be performed on the system. The system operator is 
responsible for the "maintenance time" and the "organizational down time". 
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[0098] Technical down times result from unplanned failures of components of the system and 
lead to unplanned idle times. Preferably only technical down times for which the system 
manufacturer is responsible are taken into account. The causes of such failures are deficiencies in 
the conception or the implementation of the system, for example failures of material, deficiencies 
of the system design, immature equipment, manufacturing, assembly and documentation faults. 

[0099] The failure rate X(t) is understood to be, in accordance with DIN 40041 and EN 61703, 
the number of failures per time unit. Here, t designates the time which has elapsed since the 
system was activated. Fig. 4 shows a typical profile of the failure rate A,(t) as a function of the 
time which has elapsed. This profile is often referred to as a "bathtub curve". T_S designates the 
time of activation, T_E designates the time when the system is put out of service. Three different 
phases in the "service life" of the system, that is to say the time period between TJS and T_E can 
be differentiated: 

the phase Ph_l of the early failures ("teething problems") of the system, 
the phase Ph_2 of the random failures, 
the phase Ph_3 of the failures due to wear. 

[00100] In phase Phi of the early failures the failure rate X(2) drops. The causes of damage 
are predominantly faults by the manufacturer of the system. Typical examples are faults in 
materials, assembly and manufacturing, design faults, technologies which are not mature. 

[00101] In phase Ph_3 of the failures due to wear the failure rate X(t) rises. The system has 
arrived at the end of its service life. Failures result, for example, from ageing, wear, fatigue. 

[00102] The operating time is preferably moved into the phase Ph_2 of the random failures. 
The starting time T_l and the end time T_2 of this phase Ph_2 are entered in Fig. 4. In this time, 
the failure behavior of the system can be described with an exponential distribution and the 
failure rate X(t) is constant over time and is designated in abbreviated form by X. Failures in the 
phase Ph_2 result, for example, from incorrect operations, incorrect ambient conditions 
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(dampness, vibrations, voltage peaks), noncompliance with maintenance intervals. 

[00103] The MTBF value of a system gives the mean time period between two failures of the 
system. The MTBF value of a component correspondingly gives the mean time period between 
two failures of the component. The MTBF value can be determined as a quotient formed from 

the entire operating time of the system or of the component 

and the number of failures during this operating time. 

[00104] If T_b designates the operating time defined above and n designates the number of 
failures, the following applies: 
MTBF = T_b/n 

[00105] If the failure rate ^(t) is assumed to be constant over time, the following applies: 
MTBF - MX and X = 1/MTBF = n/T_b. 

[00106] The mean time period in which the system or a component operates satisfactorily is 
designated as a "mean time to failure" (MTTF). The MTTF can be determined as a quotient 
formed from 

the sum of the use times (= net production times) of the system or of the component 
and the number of failures during this operating time. 

[00107] If T_n designates the sum of the use times defined above, and n designates the 
number of failures, the following applies: 
MTBF = T_n/n. 

[00108] The MTTR value of the system is the mean time period which is required for repair 
after a failure. The MTTR value of a component is the mean time period which is required for 
repair after a failure if the component has failed. The MTTR value can be determined as a 
quotient formed from 

the sum of the technical down times of the system or the component 
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and the number of failures during this operating time. 

[00109] If T_t is the sum of the technical down time defined above and n is the number of 
failures of the system, the following applies: 
MTTR = Tj/n. 

[00110] Furthermore, the following applies: 
MTBF = MTTR + MTTR 

[00111] The MTTR value, that is to say the mean time period for repair, is composed, 

according to EN 61703/2002, of the following individual time periods: 

the mean administrative delay (MAD) which includes the reaction time of the 
maintenance personnel and the time for troubleshooting (analysis, diagnosis, decision 
about repair), 

the mean logistic delay (MLD) as the time for acquiring or providing required spare 
parts, 

the mean repair time (MRT) as the time for the actual repair, 

the mean technical delay (MTD) as a time period between the end of the repair time itself 
up to the re-acquired operational capability of the system. 

[00112] During the actual repair, for example access to the part causing the fault is provided, 
the part is removed and a new part is installed or the part is repaired and installed again. During 
the mean technical delay, the system is restored, during which time it is, for example, installed, 
set, warmed up and tested, and run up again. 

[00113] The calculation of the mean time period to the repair is preferably simplified by 
calculating it as a sum of 

the mean repair time (MRT value) 

and the mean technical delay (MTD value). 
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[00114] An embodiment of the way in which the device according to the invention acquires 
data and uses this data to determine the values to be predicted is described below. The following 
example relates to the situation in which a manufacturer of motor vehicles wishes to acquire a 
new system for manufacturing cylinder heads. The motor vehicle manufacturer specifies the 
system to be acquired and different system manufacturers provide said motor vehicle 
manufacturer with competing offers for a system according to the specification. 

[00115] On the network subscriber computer 20.1 at the premises of the system operator, the 
Internet access program 190.1 generates an electronic form in which a user at the system 
operator's, for example a maintenance engineer for systems, makes definitions. 

[00116] In one preferred embodiment, the form is divided into four areas: 

An identifier for the tender, for example a project name and an enquiry number as well as 
the latest deadline for issuing an offer are entered in the area "administration data". A 
category of systems is defined and a specification, for example a schedule of 
specifications, for the system is joined to the administration data. By selecting a category, 
a parts list 120.1 and a components list 130.1 with the components of the system which 
are characterized as maintenance-intensive are defined. Furthermore, the operator 
registers the name and further information about a contact person with the system 
operator. 

The user, preferably an employee of the system operator, enters inter alia the following 
information in the area "system data": 

the category to which the system belongs, for example manufacturing system for cylinder 
heads, 

the planned service life of the system, for example 10 years, 

the planned number of cylinder heads which are to be manufactured on this system per 

time unit, for example number per year, 

the planned production time, for example in hours per year, 

the shift model, the length of shifts and the working days while the system is being used. 
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[00117] The information which the operator gives to the system operator is made available to 
various system manufacturers so that they can issue offers. In the following example these 
include two system manufacturers which have access to the tender via the two network 
subscriber computers 20.2 and 20.3. 

[00118] On the two network subscriber computers 20.2 and 20.3, the Internet access program 
190.2 and 190.3 generates an electronic form in which a user at the system manufacturer's, for 
example a system designer, enters values. 

[00119] In one preferred embodiment, the form for the system manufacturer is divided into 
the following areas: 

In the area "administration data" the user can consider the administration data predefined 
by the system operator, for example identifier for the tender and components list, without 
being able to make changes. The user of the system manufacturer enters an identifier for 
his offer, for example an offer number, and administration information, for example 
name of the system manufacturer and of the contact person for this offer. 
The operator at the system manufacturer's only has reading access to the area "system 
data", specifically to the data described above. 

Two form areas "maintenance data" and "failure data" are generated for each 
maintenance-intensive component. 

[00120] The form area "maintenance data" for a group of parts B_i has the following input 
fields: 

one input field for the number of groups of parts B_i of the same type in the 
superordinate function group, 

in one input field it is possible the time taken for planned maintenance measures, that is 
to say for measures which are carried out in the maintenance time T_w on one part from 
the group of parts B_i, for example planned maintenance, inspection and cleaning. This 
time is specified, for example, as hours per year. 

In a further input field the planned costs for parts which are required in the time unit for 

-28« 



PCT/EP2004/0070359 



WO2005/006097 



the measures to be carried out on the group of parts B i in the maintenance time T_w, for 
example parts which are technically necessary for maintaining operation, are entered. 
In a further input field, the planned costs for consumables, which are consumed overall 
for the planned maintenance, for example lubrication oil, are entered. 

[00121] The form area "failure data" for a group of parts B_i has the following input and 
output fields: 

one input field for the setpoint MTBF value of the group of parts B_i, 
two input fields for the setpoint MRT value and for the setpoint MTD value of the group 
of parts B i and one input field for the setpoint MTTR value of the group of parts B i 
which is calculated therefrom, 

one input field for the planned costs for re-acquiring the group of parts B i, 
one input field for the planned service life of the group of parts B_i. 

[00122] The form area "maintenance data" for a function group FJ has the following input 
and output fields: 

one input field for the number of function groups F J of the same type in a system, 

one output field for the time required for planned maintenance measures on the function 

group FJ, which is calculated, as described below, from time taken for planned 

maintenance measures on the groups of parts of the function group FJ, 

one output field for the planned costs for parts which are required for the measures 

carried out on the function group F J in the maintenance time T_w, 

one output field for the planned costs for consumables which are recquired for the 

measures carried out on the function group F J in the maintenance time T_w. 

[00123] The form area "failure data" for a function group FJ has the following input and 
output fields: 

one output field for the setpoint MTBF value of the function group FJ which is 
calculated, according to a computation rule specified below, from the setpoint MTBF 
values of the maintenance-intensive groups of parts of the function group FJ, 
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one output field for the setpoint MTTR value of the function group FJ which, according 
to a computational rule specified below, is calculated from the setpoint MTTR values of 
the maintenance-intensive groups of parts of the function group FJ, 
one input field for the planned costs for re-acquiring the complete function group FJ, 
one input field for the planned service life of the function group FJ. 

[00124] The data which is sent to the input fields is sent to the network central computer 10 
from the respective network subscriber computer 20.1 or 20.2 or 20.3. The calculations are 
preferably carried out on the network central computer 10, specifically for example using the 
Internet response program 180. This configuration makes it possible to make available as few 
programs as possible in a decentralized fashion on the network subscriber computers 20.1, 20.2, 
20.3 and to allow as many calculations as possible to be carried out in a centralized fashion. 

[00125] It is also possible for the device not to acquire the data using forms of an Internet 
access program 190.2 or 190.3 but rather using an electronic table of a table calculation program 
(not illustrated) in which the users enter the required values and which carries out calculations. 
For example, such a table calculation program is installed locally on each of the three network 
subscriber computers 20.1, 20.2, 20.3 and carries out the calculations there. 

[00126] The failure frequencies and down times are used for the decision in favor of an offer. 
An offer by a system manufacturer may relate to a system which is already in use. However, it 
can also relate to a system which is not even manufactured yet but instead is, for example, just 
being designed on the basis of the specification. 

[00127] The device according to the invention determines as follows the MTBF value to be 
predicted and the MTTR value to be predicted for a system from the setpoint MTBF values and 
the setpoint MTTR values of components: it will be assumed that B_l, B_n are the different 
maintenance-intensive components of a system. These components are listed in the electronic 
components list. It will be assumed that N_l, N_n are the numbers of the components B_l, 
B_n respectively occurring in the system. The system therefore comprises N_l components 
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B_l, of the same type, and N_2 therefore comprises components B_2 of the same type, and so 
on. The definition of the components is valid for the category of systems for manufacturing 
cylinder heads and thus for all offered systems. The failure of one of these components leads to 
the failure of the system. The maintenance-intensive components are, as it were, connected in 
series. 



[00128] It will be assumed that MTBFBl, MTBF B n are the setpoint MTBF values, 
and MTTRBl, MTTR_B_n are the setpoint MTTR values of the n maintenance-intensive 
different components of a technical system. The MTBF value MTBFJSys to be predicted and the 
MTTR value MTTR_Sys to be predicted are then calculated according to the following rule: 

1 1 1 



MTBF_Sys - 



f$ - ~ frf MTBF_B_i 



and 



" * MTTR B i 
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MTTRJSys = . A N_i 



i*i M MTBF^BJ 



[00129] As described above, MTTR_B_i is preferably calculated in simplified form 

according to the rule 

MTTR_B_i = MRT_B_i + MTDBi 

where MRT_B_i is the setpoint MRT value, and MTD_B_i is the setpoint MTD value for the 
component B_i. 

[00130] The computational rules above are applied, on the one hand, to calculate the setpoint 

MTBF value and the setpoint MTTR value of a function group FJ from the setpoint MTBF 

values and the setpoint MTTR values of the maintenance-intensive groups of parts of this 

function group FJ. FJ then functions as the system of the computational rule. On the other 

hand, the computational rules are applied to calculate the MTBF value to be predicted and the 
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MTTR value to be predicted for a system from the setpoint MTBF values and the setpoint MTTR 
values of the maintenanceintensive function groups of this system. The system then functions as 
the system of the computational rule. 

[00131] According to the computational rules described above, the setpoint MTBF value and 
the setpoint MTTR value of each maintenance-intensive function group are preferably firstly 
calculated from the setpoint MTBF values and setpoint MTTR values of the maintenance- 
intensive groups of parts. Then, according to the same computational rules the MTBF value and 
the MTTR value of an offered system are calculated from the setpoint MTBF values and the 
setpoint MTTR values of the maintenance-intensive function groups of this system. This 
calculation is carried out for each offered system. As a result, a prediction for the MTBF value 
and one for the MTTR value is determined for each offered system. 

[00132] The time required InstJ for planned maintenance measures on the function group 
FJ is calculated as follows: 

m 

Inst_j = £MJc*InstJc 

[00133] Here, Bg_l, Bg_m are the different groups of parts of the function group FJ. 
M__l, M_m indicates how often these groups of parts occur in the function group FJ, and 
Instjt designates the maintenance costs for one part of the group of parts Bg_k for k = 1, .. ., m. 
Correspondingly, the time required Inst for planned maintenance measures on the system 

[00134] Correspondingly, the costs KB J for parts which are acquired for the measures 
carried out on the function group FJ in the maintenance time T_w are calculated according to 
the computation rule 

m 

KB_j = £M_k*KB_k 

k=l 
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[00135] Here, KB_k designates the costs for parts which are required for the maintenance of 
a part from the group of parts Bgjc for k = 1 , . . ., m. 

[00136] As stated above, the planned service life of the system is recorded. The planned 
service life of each recorded component is recorded. If the planned service life of a component is 
shorter than the planned service life of the system, the planned service life of a component is 
taken into account in the recording of the setpoint MTBF value of this component. For example, 
the setpoint MTBF value is equal to the quotient formed between the planned service life and 
planned number of failures during the service life. Furthermore, re-acquisition of the component 
during the service life of the system is necessary so that the costs for re-acquisition of the 
component are included in the maintenance costs of the system. 

[00137] Different system manufacturers preferably submit offers for manufacturing systems. 
The failure data and maintenance data described above is recorded for each offered system. The 
device generates a comparison of the offered systems. The device predicts an MTBF value and 
an MTTR value for each system. This comparison is preferably in the form of a table with one 
line per offered system. The table has the following columns: 

one for the predicted MTBF values of the systems, 

one for the predicted MTTR values of the systems, 

one for the time taken for planned maintenance measures which are respectively carried 
out on a system per time unit, for example in [h/year], 

planned costs for parts which are respectively required for the maintenance of the system, 
for example in [€/year], 

planned costs of consumables which are respectively required for the maintenance of the 
system, for example in [€/year]. 

[00138] At least one of the offered systems is preferably selected, inter alia, on the basis of 
the data which is displayed in the comparison. A contract is concluded with each manufacturer or 
supplier of a selected system. Inter alia the following values are agreed in this contract: 
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the setpoint MTBF value of each maintenance-intensive group of parts of the system, and 
the setpoint MTTR value of each maintenance-intensive group of parts of the system. 

[00139] It is possible also to agree the following values contractually: 

the MTBF value of the system predicted with the device according to the invention, and 
the predicted MTTR value of the system. 

[00140] The predicted and agreed values of the system, in particular the setpoint MTBF value 
and the setpoint MTTR value of each maintenance-intensive group of parts are checked during 
ongoing operation of the system. For this purpose, a log is kept of at which time which 
maintenance-intensive group of parts has failed and how long it took to recover from this failure. 
In order to determine the actual repair time of a failed group of parts and to be able to compare it 
with the setpoint MTTR value of the group of parts, only the times for the actual repair and the 
time periods between the end of the repair time itself up to the re-acquired operational capability 
of the system, that is to say the actual MRT value and the actual MTD value of the group of 
parts, are determined and added. 

[00141] Fig. 5 illustrates by way of example a comparison of the setpoint MTBF value with 
the actual MTBF value of a group of parts Bg. The time is entered on the x axis. In this context, 
only failures in the phase Ph_2 of the random failures are taken into account, for which reason 
the times T_l and T_2 from fig. 4 are entered. The number N of failures is entered on the y axis. 

[00142] The straight line 210 shows the setpoint failure behavior of the group of parts Bg and 
results from the setpoint MTBF value. The straight line 210 runs through the origin and its 
gradient is determined in such a way that the tangent of the angle 200 is equal to the setpoint 
failure rate ?t_Bg of the group of parts Bg which is assumed to be constant over time. For the 
gradient m_210 of the straight line 210 the following therefore applies: 

m J2 1 0 = tan(200) = XJBg = 1 /MTBFBg. 
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[00143] At the times t_l and t_2 the first two failures of the group of parts occur in the phase 
Ph_2. For this reason, the two items 220.1 and 220.2 are entered. Up to the time t_2, two failures 
have occurred, and the y value is therefore equal to two. The straight line 230 is positioned 
through the origin and the item 220.2. The gradient m_230 of the straight line 230 and thus the 
instantaneous actual failure rate A,_Bg(t_2) in the time period from T_l to t_2 is determined in 
such a way that the following applies: 

m_230 = tan(201) = ?t_Bg(t_2) = l/MTBF_Bg(t_2). 

[00144] The quotient m_230/m_210 is preferably compared with a predefined threshold 
value. If the quotient exceeds the threshold, suitable measures for reducing the number of 
failures in the group of parts Bg are triggered. 

[00145] The method described above is carried out during the entire phase Ph_2. The 
quotient formed from the gradient of the straight line for the actual failure behavior and the 
gradient m_210 of the straight line 210 is determined continuously and compared with the 
threshold value. As a result the monitoring functions as an early warning system in order to 
identify quickly, and at low cost, those groups of components which fail more frequently than 
planned. The actual MTBF values and MTTR values of the maintenance-intensive components 
are transferred to the manufacturer of the monitored system. Groups of parts with excessively 
high MTBF or MTTR values are then subjected, for example, to design improvements or the 
conditions of use of the system are changed so that such components fail less frequently in 
future. 

[00146] This exemplary embodiment of the invention thus provides a resource for identifying 
those components for which design improvements are necessary and expedient, specifically the 
maintenance-intensive components which have correspondingly failed more frequently than the 
setpoint MTBF value. 
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[00147] List of reference symbols 



Symbol 


Meaning. 


10 


Network central computer 


20.1,20.2, ... 


Network subscriber computer 


110.1, 110.2 


Electronic system list 


120.1, 120.2 


Generic electronic parts list 


130.1, 130.2 


Electronic components list 


170 


Linking software 


180 


Internet response program 


190.1, 190.2, ... 


Internet access programs 


191.1 


Table calculation program 


192.1 


Interface program 


200 


Angle between x axis and setpoint failure behavior 


201 


Angle between x axis and actual failure behavior in the 
time period from T_l to t_2 


220.1,220.2 


Down times 


230 


Actual failure behavior in the time period from T 1 to 
t_2 


300.1,300.2, ... 


Input fields for setpoint MTBF values of components 


301.1,301.2, ... 


Input fields for setpoint MTTR values of components 


302 


Calculation device 


303 


Screen 


304 


Form 


305 


"Actual data processing device" 


310 


Keyboard 


B_l, ...,B_n 


Maintenance-intensive components of a system 


Bg_l, Bg_m 


Maintenance-intensive groups of parts of a function 
group 
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F J 


Maintenance-intensive function group 


MAD 


Mean administrative delay 


MLD 


Mean logistic delay 


MRT 


Mean repair time 


MTBF 


Mean time between failure 


MTD 


Mean technical delay 


MTTR 


Mean time to repair 


Ph_l 


Phase of early failures 


Ph_2 


Phase of random failures 


Ph_3 


Phase of failures due to wear 


T_b 


Operating time 


T_n 


Use time = net production time 


T_o 


Organizational down time 


T_s 


Planned idle time 


T_t 


Technical down time 


T_w 


Maintenance time 
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